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Why do we need interlaboratory comparisons?

We need to know the accuracy (uncertainty) of our
measurements.

Uncertainty evaluation is often difficult and unreliable.
Interlaboratory comparison is the best way to verify and prove
the uncertainty of your measurement.

Comparison of measurements are often required for Laboratory
accreditation (proficiency test).



Previous Interlaboratory Comparisons by SSL Annex
(SSLC Platform now)

Europe Americas

d Nucleus 2
7 \¥sL (Netherlands

IC 2013 Interlaboratory Comparison of Measurement
of Solid State Lighting Products

e LED lamps were used as comparison artefacts.
* 54 labs from 19 countries participated
* Linked 56 labs from regional PT programmes, making total 110 labs.

* 8 quantities (Luminous flux, color quantities, etc. ~

* Designed as proficiency test (compliant w ISO/IEC 17043)
Link to IC 2013 Final Report E Q 4\2 e M

Asia, Australia
Japan

1 Nucleus 4 1
i MU (Japan S

IC 2017 Interlaboratory Comparison of Goniophotometer Measurements

e LED luminaires (3 types) + narrow-beam LED lamp o SR
* 36 labs/42 goniophotometers from 19 countries s
* Total 15 quantities incl. 5 goniophotometric quantities
* Designed as proficiency test

e CIES 025 as the test method
 Linkto IC 2017 Final Report

2 ’\kéﬁa and other
regions



https://www.iea-4e.org/wp-content/uploads/2020/10/IC2013_Final_Report_final_10.09.2014a.pdf
https://www.iea-4e.org/wp-content/uploads/2020/10/IC2013_Final_Report_final_10.09.2014a.pdf
https://www.iea-4e.org/wp-content/uploads/2021/12/SSL-Annex-IC-2017-Goniophotometers-Final-Report-2021.12.20.pdf
https://www.iea-4e.org/wp-content/uploads/2021/12/SSL-Annex-IC-2017-Goniophotometers-Final-Report-2021.12.20.pdf

IC 2023 Interlaboratory Comparison on Measurement of
Temporal Light Modulation

Launched in Sep. 2023. 4;f;;:::;;";::*;i:'::;*.;:m

4 Nucleus Laboratories and 19 Measurement of Temporal
L. . Light Modulation

participating labs

Interlaboratory Comparison
2023 (IC 2023) Final Report

* Linked two regional comparisons
making a comparison of total of
45 laboratories

MAY 2026

* Designed as Proficiency Test

 |C 2023 Final Report completed
(under final approval)

Technology Collaboration Programme




What is TLM (Temporal Light Modulation), and why is it
important?

= Temporal Light Modulation, TLM, is the
fluctuation in luminous quantity or spectral

distribution of light with respect to time.
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= Temporal Light Artefact, TLA, is visual perception, induced by TLM for a human
observer in a specified environment
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= TLA can cause discomfort, negative health effects, and traffic safety hazard.




TLM Quantities

For flicker

Short-term Flicker Indicator
(Pst'-"") (IECTR61547-1-2020)

* Measurement duration 180s

* Time domain

* Commonly used in regulations and
industry

Perceptual Modulation (M,)

(ASSIST vol. 11, 2015)
* Measurement duration 2s
* Frequency domain
* Usedin many commercial TLM
instruments

For stroboscopic effects

Stroboscopic Effect Visibility
Measure (SVM)
(IEC TR 63158:2018)

* Measurement duration~5s

* Frequency domain

* Commonly used inregulations and
industry

Other metrics

Modulation depth

Flicker index forfrequency.

} These do not account
Used as analysis tool



Global need for accurate measurement of TLM

Background

= EU Ecodesign regulation set requirements of P, (<1) and SVM
(<£0.9) from Sep. 2021, and SVM (£0.4) from Sep 2024 for all lighting
products sold in EU

= Similar requirements adopted/proposed in Australia and New
Zealand, South Korea, South Africa, Kenya, Nigeria, Brazil, East
African Community and more.

= |nthe U.S.A., the California Energy Commission set TLM requirements
for some lighting products

" |Increasing need for measurement assurance & testing accreditation




1)

2)

3)

Objectives of IC 2023

Provide technical study to investigate the level of agreement in
measurements of TLM quantities by laboratories worldwide, focusing
on measurements of:

* Short-term flicker indicator (Pi-M ) in IEC TR 61547-1
 Stroboscopic effect visibility measure (SVM) in IEC TR 63158

Provide proficiency test for measurement of P-M and SVM for
accreditation programs. Thus, IC 2023 is designed in compliance with
ISO/IEC 17043.

Promote a harmonised and accurate measurement of TLM
quantities globally



IC 2023 Measurement Quantities

— Short-term flicker indicator P -
n Stroboscopic effect visibility measure (SVM) M5
— Modulation depth Dy
— Flicker Index (FI) I

“ Perceptual Modulation (Mp) M,

10



Relative amplitude (average = 1.00)

IC 2023 Comparison Artefacts

Main Round - Proficiency Test

Optional Round -
Technical Study

ART-1 ART-2 ART-3 ART-4 ART-5
LED lamp LED lamp LED lamp LED lamp
AC 230V AC 230V AC 230V AC 230V '{;"Mvagfe';z:fnt:)’
50Hz. 3.8 W 50Hz. 3.5 W 50Hz. 5 W 50Hz. 2.5 W

ART 5 Five waveforms



Structure of IC 2023

Part 1: Lamps Part 2: TLM Generator
MetTLM Nucleus China GBV-LC
compariso Lab comparison
n

Nucleus Laboratory
NIST . Comparison

Reference
Values

KEY: . Operational Nucleus Lab Participants

SSL’/Annhex IC 2023 Round

O Supporting Nucleus Lab
Main Round

Link Lab for regional
comparisons

19 participants 12



Data analysis for participant results

(1) Difference from
Reference Value

(x-X)

x. participants’ result
X: reference value

for each participant
and for each
artefact.

(2) Z’ score

For proficiency test
purposes, z' score (ISO
13528 ) is calculated by

x—-X

z'=
\/62 "'“?( +u§rift
where:
o : SDPAvalue

uy : standard uncertainty
of the reference
value

Ui - Standard uncertainty

for artefact drift
calculated by

0.8-0
Udrift = ﬁ

(3) E,, number

For proficiency test purposes,
E, number (ISO/IEC 17043) is
calculated by

E - x—X
\/U1§b+U2

ref

where:

U,,, - expanded uncertainty
(k=2) of a participant’s
result

U.; : expanded uncertainty
(k=2) of the reference
value

for P,"M and Mg, 13



Details of Technical Protocol and Determination of
Reference Values

IC 2023 Technical Protocol (Sep. 2023) IC 2023 Nucleus Laboratory Comparison Report
Part 1: Lamp Artefacts (Nov. 2024),

Part 2: TLM Generator Artefact (Sep. 2025)
Link to NLC Report

Link to Technical Protocol

Energy Effcient End-use Equipment
International Energy Agency

E Smart Sustainability in
Lighting and Controls SSLC

IC 2023 Nucleus Laboratory
Comparison Report
Part 1: Lamp Artefacts

NOVEMBER 2024

Solid State Lighting Annex
1C 2023: Interlaboratory Comparison on

Measurement of Temporal Light Modulation

Technical Protocol

Energy Efficient End-Use Equipment (4E)
International Energy Agency

‘ zzzzzz Jrechnolosy
25 September 2023 Network

Technology Collaboration Programme

14


https://www.iea-4e.org/wp-content/uploads/2023/09/IC-2023-Technical-Protocol-Final.pdf
https://www.iea-4e.org/wp-content/uploads/2024/11/IC-2023-NLC-Report-Part-1-Final-2024-11-05-1.pdf
https://www.iea-4e.org/wp-content/uploads/2024/11/IC-2023-NLC-Report-Part-1-Final-2024-11-05-1.pdf

Results and Key Technical
Findings

15
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Overview of P_M Results

Absolute results — Overview
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P.."M show large variations, and deviations are mostly in a
positive direction. The cause of deviations was found to be
mostly noise from the AC power supplies used to operate the

lamps.
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Extensive Investigation on AC power supplies for P\

A P, values of a 42W halogen lamp measured by a subset of IC 2023 participants

Smart Sustainability in Lighting and Controls
SSLC Platform: Comments prepared for:
CIETC2-89/IECTC34 WG5/ IES LM-90 WG

AC power supply issue for intrinsic flicker
performance measurement

Energy Efficient End-Use Equipment (4E)
International Energy Agency

developed

o . website
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-1EA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.p

The report contributed to CIE TC 2-89, IEC TC34 WGS5, and IES LM-90 WG

A paper published at LS24/IEEE Smart Lighting Conference, Eindhoven, Nov. 2024.



https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf
https://www.iea-4e.org/wp-content/uploads/2024/10/20241027-IEA-4E-SSLC-Platform-Comment-AC-Power-Supply-Issue.pdf

Detailed Results of PV (ART-2, ART-3)
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The uncertainties reported by participants are
significantly underestimated in many cases.




Overview of SVM results

Absolute results — Overview Deviations from Reference values
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 SVM deviations tend to be in a negative direction.
* Large negative deviation came from TLM instruments of one or two specific
manufacturers.

* The errors may be caused by inappropriate anti-aliasing filters in the TLM instruments 19




Detailed Results of SVM (ART-2, ART-3)

Deviations from Reference Values Deviations from Reference Values
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The uncertainties for SVM appear more reasonable except
some labs having large deviations from Reference values




Overview of M, Results

Lamp results TLM generator
Absolute results — Overview Deviations from Reference Values
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Very large variations in M, results. Nucleus labs

found poor reproducibility of M, measurements. o1




Investigation and Improvement of M,

Problems of original M,
* These problems were resolved with
1. Variation of M, due to different . .
starting phase - FFT using a Hann Window
- acorresponding window correction factor

——Starting phase:20° —— Starting phase:40° —— Starting phase:60°

—‘ H W H {l H [ incorporated
- Flicker sensitivity function (3 to 80 Hz) incorporated.

080 080 0.80
0000 0004 0008 0012 0016 0.020 0000 0004 0008 0012 0016 0.020

2 B 2 el 000 0004 0008 0012
Time (s) Time (s) Time (s)

* The resulting new metric, Mg, is to be published:

J. Li, A. Bierman, Y. Ohno, Revision of M, calculation method for
flicker measurement, Lighting Research & Technology, 2026. DOI:
10.1177/14771535261435634.

100
fstarting point (°)

2. \Variation of M due to different
measurement duration

o / \ o - The flicker visibility threshold of the new metric needs to
,. /\, be determined by experiments. The SSLC Platform
organized a group study -TWINKLE project
(presentation later in this Workshop).

0.02/\/— 0.02
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SVM Results linked with MetTLM and GBV-LC

SVM — Deviations from Reference Values (MetTLM, GBV LC linked)
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Proficiency Test Outcomes — many labs unsatisfactory

1
. * Z scores * E, numbers
o0 4l 4.0
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— Unexpected power supply problem
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24 % of labs |Z’|>3 Laboratory 32 % of labs |En|>1 Laboratory

Practical, harmonized guidance on constructing uncertainty

25
budgets for TLM measurements is needed.




Conclusions (of2)

|C 2023 served as proficiency test of TLM measurement for 19 labs
worldwide, as well as providing findings from the technical study.

|C 2023 successfully linked two regional comparisons (MetTLM and China
GBV-LC), making it a comparison of total 45 laboratories worldwide, for P -™
and SVM.

IC 2023 revealed a serious problem of P_'"™ with power supplies. = This
led to our investigations on effect of power supplies and development of
a test method for power supplies.

The IC showed some problems on SVM with antialiasing filters. 2> More
guidance on the filter characteristics may be needed

The IC identified problems in M, (poor reproducibility). = Led to
development of improved M, metric (M ,) proposed.

The IC showed that participants had difficulty with uncertainty budget. >
Guidance is needed on uncertainty budget for TLM measurements.

26



Conclusions @of2)

7. 1C 2023 Core Team members are contributing the IC 2023 outcomes
to international standards work on TLM: IEC TC-34 WG5, CIE TC 2-89,
CIE RF02, IES LM-90 WG.

8. In the course of IC 2023, questions were raised on P M (why 180 s
duration, immunity to power supply noise, visual sensitivity data,
visual threshold, etc.) and possibility of using new M, to improve
flicker measurement. As a result,

- TWINKLE project, organized by SSLC, started.
- CIlE reportership DR1-75 (Re-visiting flicker metrics) was created in
CIE Division 1 with J. Li leadership.
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IC 2023 Final Report (110 pages) to be published May 2026
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